Typical 3-D land and OBC seismic surveys are sampled finely in two spatial coordinates (e.g. receiver-x and source-y) and coarsely in the other two coordinates (receiver-y and source-x), so a simplistic discretization of the full 5-D Kirchhoff prestack migration integral leads to artifacts due to aliasing. Padhi and Holley (1997) suggested that imaging of well-sampled subsets of the data (minimal datasets) avoids the integration over the coarsely-sampled coordinates. For 3-D orthogonal acquisition geometries there are at least two types of minimal dataset that yield unaliased 1-fold images of the subsurface. A cross-spread is one type of minimal dataset (Vermeer, 1998a) . A common-offset-vector (COV) gather is an alternative "basic building block" of 3-D wide-azimuth surveys. COV gathers (or volumes) are the simple extension of 2-D common-offset gathers (or sections) to orthogonal 3-D coordinates: the inline and crossline offsets are binned in such a way as to yield N 3-D volumes with a trace at each CDP, where N is the CDP fold. Traces within each COV gather share the same binned inline offset and binned crossline offset, and when they are sorted or stacked by CDP, the volume spans most of the survey area, as illustrated in Figure 1 (a).
Introduction
There has been a lot of interest recently in the problem of how to avoid generating migration artifacts when prestack migrating irregularly-sampled, wide-azimuth 3-D surveys (e.g. Canning and Gardner, 1998) . However, it is not obvious how to avoid generating migration artifacts even for a regularly-sampled wide-azimuth 3-D survey that is acquired in the typical fashion with small shot and receiver intervals, but large shot and receiver line intervals. Migration artifacts are generated in this situation as well, as Sun et al. (1998) , and recording time t . Equation (1) describes a weighted integration over a surface described by traveltime, ' t , from source to image point to receiver at velocity v , where the weights, w , include appropriate filter and amplitude factors for specific source-receiver configurations. Although a lot of research into "true-amplitude" migration is concerned with getting all the factors in the integrand exactly right, in this paper I assume that all the terms in (1) are known exactly. Instead I focus on the problem of how to accurately evaluate (1) when the oscillatory wavefield, u , is sampled below the Nyquist rate in two out of four spatial coordinates, and u has compact support due to the limited source coverage, S ∂ , receiver coverage, R ∂ , and maximum recording time T . It is possible to overcome some of the sampling deficiencies of the data by setting up the migration as an ill-posed discrete inverse problem (a generalized Radon transform) and applying a priori model constraints, along the lines of Nemeth et al. (1999) . This approach has been used to solve the same type of problem with regular Radon transforms (Cary, 1998) . However, a good approximation to (1) that is obtained by standard migration methods will always be the "basic" image since it will include no assumptions about the model beyond what the data themselves provide.
Another approach is to use quasi-Monte Carlo spatial sampling (Sun et al., 1997) to try to ensure that, on average, the aliasing artifacts do not exceed some maximum value. However, for logistical reasons most 3-D land recording geometries are closer to being regular than random, except perhaps near obstacles, so assuming that sampling is regular is often fairly close to reality.
An alternative to cross-spreads for imaging wide-azimuth 3-D surveys
The minimal dataset approach
The fact that (1) maps a 5-D space into a 3-D space indicates that there is multiple coverage of some parts of the image space, as is well known from the CDP stacking method. Being finely sampled in only three out of five coordinates is therefore not as serious a problem as it may first appear to be. The "minimal dataset" approach of Padhi and Holley (1997) takes advantage of this fact by isolating well-sampled 3-D subsets of the total dataset (e.g. cross-spreads), each of which will correctly image a small portion of the total image without artifacts. The final image is then constructed from the "tiling" (addition) of such images (Vermeer, 1998a) . Approximating equation (1) with a sum of migrated cross-spreads, we get
where n m u , is the cross-spread resulting from the m th source line and n th receiver line, n m w , is the cross-spread weight function (Wapenaar, 1997) , and the integrations are over the finely sampled coordinates, which are assumed to be x r and . y s Since the summations are over the coarsely sampled coordinates, each migrated cross-spread should be a complete portion of the final image, independent of the other terms in the summation. This approach works well for 3-D DMO because of the relatively small aperture of the DMO operator compared to the extent of the cross-spread. However, the prestack migration of each cross-spread is dominated by edge effects (Vermeer, 1998b) because of the large spatial extent of the operator in comparison to the crossspread. These edge effects due to the limited spatial extent of the sampled wavefield in (2) are analogous to the edge effects generated by the migration of shot gathers in 2-D data.
To reduce the effect of edges, we would like to migrate minimal datasets that span most of the survey area. Common-offset sections satisfy this requirement for 2-D data. To satisfy the same requirement with 3-D data, we convert equation (1) 
An appropriate function for w is the 3-D common-offset weight function given by Hanitsch (1997) . We can now approximate (3) with the sum of individually migrated common-offset-vector (COV) volumes: 
and since each COV gather extends over most of the survey area, the edge effects will exist only near the survey boundaries.
It is important to note that inline and crossline half-offsets, y x h h and , have been used in (4) instead of absolute offset and azimuth (polar) coordinates, where absolute offset is the absolute value of the shot-to-receiver distance. Common-absolute-offset volumes are a useful type of 3-D data subset, but they do not satisfy the requirements of a minimal dataset. The traces within a common-offset volume must also have constant azimuth in order for the offset and azimuth-dependent migration operator to map them to a continuous portion of image space. Vermeer (1998b) has recently investigated common-offset-and-azimuth (COA) gathers as an alternative to cross spreads. Although COV and COA gathers are basically the same thing, the question of how to form 1-fold COV or COA gathers is most easily understood when the offset vector is viewed in Cartesian coordinates: just bin the inline offsets and crossline offsets separately in the same familiar way that inline offsets are binned to form common-offset sections for 2-D data. For example, if the ratio of source line spacing to receiver station interval is 4, and the ratio of receiver line spacing to source station interval is 5, then binning 8 inline offsets together in the receiver line direction and binning 10 crossline offsets together in the shot line direction will yield 1-fold coverage in each CDP bin. Creating separate inline and crossline stacking diagrams (Hampson, 1997) can help in choosing the appropriate size of inline and crossline offset bins when the acquisition is irregular. This method of forming 3-D COV volumes, which is based on nearest-neighbor interpolation, leads to the smearing of the high frequencies of dipping events in the inline and crossline directions in exactly the same way that smearing occurs in the inline direction when forming 2-D common-offset sections by binning.
Deriving operator antialiasing conditions by converting integrals to summations Equation (4) indicates how to accurately approximate two of the spatial integrals in (1) with discrete summations. However, there are still two spatial integrals left in (4), and without being careful to evaluate these integrals accurately, migration artifacts may still be generated within the interior of the survey. I show here that a discrete approximation to the integrals in (4) that takes into account the bandlimited nature of the integrand naturally includes conditions for preventing migration operator aliasing. The integral expression for each migrated COV volume in (4) 
where
Substituting (6) into (5), taking the integrations inside the summations, and evaluating the convolutional integrals with the approximation that the traveltime curve is locally planar (i.e.
we eventually obtain the following discrete expression:
The factors of a in (7) remove the aliased frequencies from the interpolating sinc function, so the definition of a basically states the operator antialiasing condition for the 3-D prestack case. The derivation of (7) from (4) required the approximation that the summation surface is locally planar, so this indicates that the standard form of the operator antialiasing condition, which is based on the local operator dip (Biondi, 1999) , is only approximately correct. It works poorly where the gradient of the traveltime curve is large, such as for the DMO ellipse at large times and small offsets (Hale, 1991) . In general, however, (7) yields a very good discrete approximation to the integrals which appear in each term of (4).
Examples
A simple process that compares cross-spreads and COV gathers for imaging wide-azimuth 3-D surveys is common-conversionpoint (CCP) binning of 3-D converted-wave (P-S) data. CCP binning maps P-S data in a depth-variant manner to their true reflection points under the assumption that all reflectors are flat. In most cases, the P-S reflection point is located between the midpoint and the receiver location. If we look at the region of coverage of a COV volume extracted from a real 3-C, 3-D dataset, which on input is binned according to midpoint, as in Figure 1 (a), then CCP binning maps the data at 600ms to a large continuous portion of the total output grid (Figure 1(b) ), which indicates that a COV gather is an ideal 3-D minimal dataset. In contrast, a cross-spread that is binned by midpoint, as in Figure 2 (a), is mapped to a relatively small continuous portion of the total output grid (Figure 2(b) ). In both Figures 1(b) and 2(b), gaps appear within the "continuous" portion of each output grid because the CDP bin size is smaller than the natural CCP bin size (Eaton and Lawton, 1992) . If spatial interpolation based on the appropriate Nyquist wavenumbers had been included in the binning process, then the gaps would not appear.
Conclusions
A common-offset-vector gather is an ideal subset of a 3-D seismic dataset since it provides a complete image of most of the output 3-D volume. Each COV image should improve the signal-to-noise ratio of the final image, but not its fidelity. Unfortunately, COV gathers are rarely sampled properly, and by crudely interpolating to well-sampled COV gathers, we smear the high frequencies of dipping events in the inline and crossline directions. However, knowing that this degradation of the image occurs provides a valuable direct relation between 3-D design parameters and potential image quality. For example, this relation suggests that sparse 3-D's (very widely spaced source and receiver lines) should yield poorer image quality than more typical 3D's, not because of lower fold, but because of the loss of high frequencies in forming COV gathers. 
